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Abstract. Several repetitive elements have been associated
with and identified in the surrounding region and within the
human c-H-ras1 gene. The polymorphism exhibited by these
sites provides valuable information regarding the function
and structure of the H-ras gene. We have investigated two
such polymorphic sites: i) a hexanucleotide microsatellite
region (HRMS) within intron 1 of H-ras and ii) the VIR
region at the 3' end of the gene. Comparison between normal
and tumor tissues from 25 samples of bladder cancer
revealed that 5 samples (20%) exhibited LOH at these
polymorphic sites indicating that an allelic loss had occured
at the H-ras locus. Furthermore, instability was detected in 4
cases at the hexanucleotide locus, while the VTR region was
found unaffected. The two polymorphic sites are in a strong
linkage disequilibrium in normal tissues, while in tumor
tissues with genomic instability this linkage is altered,
possibly leading to differential regulation of the H-ras. Also
a previously reported allele at the HRMS locus was found to
behave in a manner that preserves the linkage between the
two polymorphic sites in normal tissues.

Introduction

In the human c-H-ras1 gene and the surrounding regions,
units of nucleotide sequences are tandemly repeated in
several regions. One prominent polymorphic site is a result
of a variable tandem repeat (VTR) of a unit sequence of 28 bp
in the 3' region of the gene (1). Different numbers of the
repeating unit give alleles of a wide range in size. Four
alleles - denoted as al, a2, a3 and a4 - are the most common
accounted, with a frequency of 94% in the general population
(2,3). These alleles have been divided into two subgroups:
one comprising the small al and a2 alleles with
approximately 40 copies of the 28 bp core sequence and a
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second one comprising the larger a3 and a4 alleles consisting
of approximately 80 copies of the core sequence (2). It has
been proposed that these alleles have served as progenitors
for the remaining rare alleles (4). Previous studies have
reported a significant association between the presence of the
rare H-ras1 minisatellite alleles and an increased risk of
common types of cancer (1 in 11 cancers of the breast,
colorectum and bladder) (3). The tight linkage of this
minisatellite to the H-ras1 locus has served as a marker to
detect LOH involving the short arm of chromosome 11 in a
variety of human cancers, such as bladder (5), breast (6),
lung (7) and ovarian cancers (8).

Intron 1 of the c-H-rasl gene has also been shown to
posses a tandemly repeated sequence 83 bp upstream from
the 5' end of exon 1 (HRMS) (9). This length polymorphism
is the result of a repeated hexanucleotide sequence based on
the consensus GGGCCT. The number of repetitions produces
alleles with two (P2), three (P3) or four (P1) times the core
hexanucleotide sequence (10), which show a linkage
disequilibrium with the VIR polymorphism (9).

Genomic instability involving mainly expansion of mono,
di or tri-nucleotide repeats has been associated with a variety
of hereditary diseases (Huntington's disease, myotonic
dystrophy, fragile X syndrome) as well as HNPCC (11-15).
These length alterations have been shown to be the result of a
mutator phenotype producing consecutive somatic slippage
events of a single or a few repeated units. The gene(s)
responsible for these events have been implicated in DNA
repair mechanisms (16,17).

LOH has been shown to contribute to tumor development
mainly by inactivating tumor suppressor genes. Recently it
has been shown to affect chromosomal regions involving the
c-H-ras1 gene (18). This suggests a more complex role by
which ras genes are involved in carcinogenesis.

In this work we have examined the effect of genomic
instability and LOH on the c¢-H-ras! locus in 25 samples of
bladder tumor. Data for these genomic aberrations were
obtained from the two polymorphic sites: i) the VTR region
and ii) the HRMS site present within the gene.

Materials and methods
DNA extraction. DNA was extracted from tissues by

proteinase K and phenol/chloroform extraction as previously
described (19).
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Table I. The polymorphic status at the hexanucleotide repeat site (HRMS) and VTR site of the c-H-ras 1 gene in normal and

tumor bladder tissues.

Sample no HRMS site HRMS site VTR site VTR site
(normal tissues)? (tumor tissues) (normal tissues)® (tumor tissues)

1 P1/P1 na al/alr na

2 P1/P2 na alr/a4 na

3 P1/P3 P1/-(LOH) a2r/al -/al(LOH)

4 P1/P2 na al/a3 na

5 P1/P2 na alr/a4 na

6 P2/P2 P2/P1(HI) a3/a3 na

7 P2/P2 P2/P1(HI) a3/a4 na

8 P1/P1 na al/al na’

9 P1/P2 -/P2(LOH) al/a4 -/a4(LOH)
10 P1/P3 P1/-(LOH) al/alr al/-(LOH)
11 P1/P1 na al/alr al/-(LOH)
12 P2/P3 na alr/a4 na
13 P2/P2 na a3/a3 na
14 P1/P1 na al/al na
15 P1/P1 na al/alr na
16 P1/P1 na al/al na
17 P1/P3 na al/a2 na
18 P1/P2 -/P2(LOH) al/ad -/a4(LOH)
19 P2/P2 na ad/ad na
20 P2/P2 na a4/adr na
21 P2/P2 na ad/a4 na
22 P1/P1 na al/alr na
23 P2/P2 P2/P3(HI) a3/a3 na
24 P1/P1 P1/P2(HI) al/alr na
25 P3/P3 na a2/a2 na

*P1=4 hexanucleotide repeat allele, P2=2 hexanucleotide repeat allele, P3=3 hexanucleotide repeat allele; “al, a2=small common VTR
alleles, a3, ad=large common VTR alleles, alr, a2r, a3r, adr= rare (small and large) VTR alleles. HI=hexanucleotide instability. LOH=loss

of heterozygosity. na=not affected.

PCR analysis. Amplification of VTR H-ras alleles were
performed in 50 pl reactions with: 20 mM (NH,),SO,, 75
mM Tris-HCl pH=9.0 (25°C), 0.01% (w/v) Tween 20, 2%
(v/vy DMSO, 1.5 mM MgCl,, 400 pM dNTPs, 1 uM each
oligonucleotide primer, 200-400 ng of genomic DNA and 2.5
units of Taq polymerase (Advanced Biotechnologies). The
amplimer sequences (20) were: 5'-GAGCTAGCAGGGCAT
GCCGC-3' and 5'-AGCACGGTGTGGAAGGAGCC-¥
Twenty-five cycles of denaturation for 1 min at 95°C,
annealing for 20 sec at 65°C and elongation for 4 min at 72°C
were carried out in a DNA thermal cycler (480-Perkin Elmer
Cetus).

VTR amplified products were resolved on 1.5% agarose
gels (SeaKem-GTG), stained with ethidium bromide.

Amplification of HRMS alleles were performed in 50 pl
reactions with: 20 mM (NH,),SO,, 75 mM Tris-HCI pH=9.0
(25°C), 0.01% (w/v) Tween 20, 200 uM dNTPs, 2.5 mM
MzCl,, 1 uM each oligonucleotide primer, 200-400 ng of
genomic DNA and 1.25 units of Taq polymerase. The
amplimer sequences (10) were: 5'-CTGTGGGTTTGCCCTT
CAGA-3'" and 5-CTCCTACAGGGTCTCCTGCC-3". Thirty
cycles of denaturation for 1 min at 95°C, annealing for 35 sec

at 63°C and elongation for 40 sec at 72°C were carried out in
a DNA thermal cycler.

HRMS amplified products were resolved on 6% poly-
acrylamide gels and visualised by ethidium bromide or silver
staining.

Amplification of the three HRMS alleles results in PCR
products of: P1=118 bp, P2=106 bp and P3=112 bp (10).

Results

Detection of genetic alterations at the HRMS site. A panel of
25 bladder samples consisting of paired tumor and adjacent
normal tissue was analysed for polymorphism at the HRMS
locus. The analysis revealead that 9 out of 25 (36%) samples
were informative for this locus. The pattern comparison
between tumor and adjacent normal tissue in these 9 samples,
revealed LOH in 4 tumor samples. Furthermore, from the
remaining non-informative cases 4 exhibited an altered
allelotype pattern between tumor and normal counterparts of
the tissue. In all cases a different microsatellite allele was
present in the tumor pattern, implicating the generation of a
new allele (Table I).
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Figure 1. Representative results of microsatellite instability (A) and loss of
heterozygosity (B) at the hexanucleotide region in bladder tissues
(N=normal tissue, T=tumor tissue), (P1=4 hexanucleotide repeats, P2=2
hexanucleotide repeats, h=heteroduplex).

Detection of genetic alterations at the VIR locus. Analysis at
the VTR locus of the H-ras in the same panel of patients
revealed that 16 out of 25 (64%) samples were informative
for this polymorphic site. Comparison between tumor and
adjacent normal tissue from the same patient in these samples
showed that in 5 cases LOH had occured at this VTR locus.
Moreover, 4 out of these 5 samples with LOH were the same
that had shown LOH at the HRMS locus while the remaining
sample with LOH at the VTR was non-informative at the
hexanucleotide site (Table I).

Apart from the LOH detected in 5 samples at the VTR
locus no other genetic alterations were observed, indicating
that no minisatellite instability had occured at this site (Table I).
A high frequency of rare VIR alleles was observed in these
samples in tumor as well as normal tissues.

Correlation between HRMS and VIR polymorphism. It has
been previously shown that a strong linkage disequilibrium
exists between the alleles present at the HRMS and the VTR
locus respectively (9). From the comparison of genotype
patterns, present in the normal tissues, between the two
polymorphic sites, we observed that this link is preserved.
More specifically samples homozygous for alleles with two
hexanucleotide repeats (P2) display large alleles (approxi-
mately 80 repeats of the core sequence) at the VTR locus. On
the other hand samples homozygous for alleles with four
hexanucleotide repeats (P1) are always linked with small
VTR alleles (approximately 40 repeats of the core sequence).
Samples that are heterozygous at the HRMS locus are also
heterozygous for small and large VTR alleles. One
interesting feature is the presence of a third hexanucleotide
allele (P3) consisting of three repeat units with a frequency
of 12%. This allele has been previously reported (10), but has
not been linked with any of the VTR alleles. Samples 3, 10,
12, 17 and 25 in Table I demonstrate that this allele behaves
like the four-hexanucleotide repeat allele (P1), that is always
linked with small VTR alleles.

The tight linkage between the two polymorphic sites is
well preserved in normal tissues and this is in good
agreement with previous reports (9). An interesting feature is
that this linkage is disturbed in tumor tissues exhibiting an
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Figure 2. Representative results of loss of heterozygosity at the VIR region
of H-rasl in bladder tissues (N=normal tissue, T=tumor tissue, M=A H+E
marker), (al=small common VTR allele, alr= small rare VTR alleles).

altered linkage pattern. The four samples revealing genomic
instability at the HRMS locus display different linkage
patterns between normal and tumor tissues (Table I), not
previously described.

Clinicopathological characteristics of the tumors presenting
LOH and HRMS instability. Analysis of the clinico-
pathological characteristics of the tumors revealed that
tumors with instability at the HRMS locus (samples 6, 24
and 7, 23) were Grade I and Grade II (respectively). They
were small in size and presented no lymph node or metastasis
incidence (T,NyM,), suggesting a rather early stage of tumor
development. In contrast four tumors (samples 3, 9, 8 and 10)
with LOH were Grade III, except sample 18 which was
Grade II, but of small size and no lymph node or metastasis
occurence (T,N,M,).

Discussion

The H-rasl gene is involved in the mechanism of
tumorigenesis in a variety of common cancers such as
bladder, breast, ovarian, lung (21). These mechanisms
include qualitative as well as quantitative abberations in the
function or structure of the gene. Of these most common are
point mutation activation, gene amplification and
overexpression (21).

In this work we have examined structural modifications at
polymorphic regions surrounding the H-rasl locus, that can
affect the integrity of this gene, in bladder tumors. Analysis
of the two polymorphic sites revealed that five of 16 (31%)
informative samples exhibited LOH. The data obtained was
based especially on information from the 3' end VTR region
of H-ras because of the heterozygosity (approximately 64%)
exhibited by this site, compared to the hexanucleotide region
which displays a heterozygosity of approximately 36%. Still
this percentage is satisfactory in order to reconfirm the
largest proportion of heterozygosity for the VIR locus.

Since the polymorphic sites are located upstream and
downstream of the H-ras gene, this implies that in the five
tumors with LOH an allelic loss has occurred for this gene.
Such quantitative changes for the H-ras gene have been
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previously described for other types of tumors such as breast
and skin (6,18). Allelic imbalances which can lead to gene
dosage effects have been implicated as alternative
mechanisms by which ras genes are involved in the
multistage tumor development (18). The frequency of this
abberation (20%) in bladder tumors could be higher since the
data obtained was based on information from heterozygous
individuals, leaving the rest of the samples out of the
analysis, despite the high degree of heterozygosity exhibited
by the VTR region.

Allelic loss has been the main reason for the detection of
loss of function of tumor suppressor genes. From this point
of view allelic loss could mean inactivation of unknown
tumor suppressor gene(s) located in the vicinity of H-ras
gene on the short arm of chromosome 11. However, normal
H-ras gene has been postulated to possess tumor suppressor
function (22,23). This could indicate that H-ras has a more
complex role in the development of cancer.

In this study instability was observed only at the
hexanucleotide region where 4 out of 25 samples (16%)
exhibited the generation of a new hexanucleotide allele. The
VTR region was found unaffected by this proccess, which is
in agreement with previously published results (13,14). This
implies that instability affects microsatellite regions by
different mutagenic mechanism(s) than minisatellite sites.

Two of the reported hexanucleotide alleles were found to
be in linkage disequilibrium with VTR alleles (9). More
specifically the large P1 allele (4 hexanucleotide repeats) is
found linked to small alleles (common or rare) at the VIR
locus. On the other hand the small P2 allele (2
hexanucleotide repeats) shows tight linkage to the large VTR
alleles. A subsequent analysis at the hexanucleotide locus
from a larger sample showed the existance of a third P3 allele
consisting of 3 hexanucleotide repeats (10). The presence of
this allele has not been previously correlated with any of the
VTR alleles. In this study we have established that the P3
allele behaves in a similar fashion to the P1 allele in all
normal tissues examined. This allele is always linked to
small VTR alleles. Because of the small size of the
population sample the analysis has to be expanded further to
additional samples to establish the statistical significance of
this linkage.

This allele combination between the two polymorphic
sites has been proposed to reflect the results of the process of
the human c-H-rasl gene evolution (9). It is interesting to
note that opposite combinations between alleles of the two
polymorphic sites have never been observed, suggesting that
such combinations may have some disadvantage for cell
growth and that cells with these genes cannot survive (9).
However in tumor tissues, like the ones examined in this
work, due to: i) instability at the hexanucleotide locus
resulting in generation of different alleles and ii) invariance
at the VTR site, in some cases non-compatible combinations
are created which do not exist in the surrounding normal
tissue. In this connection it should be noted that enhancer
activity of the VTR sequences has been reported (24).
Moreover members of the rel/NF-xB transcription factors
bind to H-ras VTR (25) and like other NF-xB binding sites
VTR displays pleiotropic transcriptional regulatory activity
that is promoter and cell type specific (20). Also the
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transforming activity of the H-ras gene as well as the levels
of p21 depend highly upon the presence of the VIR region
(4). On the other hand the hexanucleotide site lies in a
conserved region of the H-ras intronl that has been shown to
possess a positive element which influences gene expression
(26,27).

Taken together the data indicate that these polymorphic
regions must play an important role in normal H-ras function.
Furthermore, compatible allelic combinations between these
sites probably ensure expression in normal tissues and
function as safety valves against tumorigenesis as previously
proposed (27). In tumor tissues due to instability of the
hexanucleotide locus non-compatible combinations are
created in the H-ras gene leading to a differential regulation
of the H-ras alleles. Such a differential regulation may be
one of the causes responsible for H-ras involvement in tumor
development. This type of analysis should be extended to
larger sets of samples in order to establish the statistical
significance of this proccess which can represent an indirect
activation of H-ras due to the mutator mechanism affecting
microsatellite instability.
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